Intramedullary spinal schwannomas are rare benign spinal cord tumors and are easily misdiagnosed because of the imaging characteristics shared with intramedullary glioma. Correct preoperative definitive diagnosis is essential for treatment and prognosis. To improve the preoperative diagnostic strategy, clinical and imaging data of seven patients with intramedullary spinal schwannoma (6 men, mean age 44 years, mean duration of illness 4.2 years) treated in our department between 2003 and 2010 were collected and retrospectively evaluated. The cervical cord was affected in five patients, followed by the thoracic cord in two. All seven cases were misdiagnosed as intramedullary glioma based on the imaging characteristics. Comparison of the clinical features of these 7 patients with those of patients with intramedullary tumors (173 ependymomas and 70 astrocytomas) admitted during the same period revealed significant differences in somatic pain and root pain as the initial symptoms between intramedullary spinal schwannomas and ependymomas (p ＝ 0.005) and between intramedullary spinal schwannomas and astrocytomas (p ＝ 0.019), but not between ependymomas and astrocytomas (p ＝ 0.175). Root or somatic pain as an initial symptom is important for the preoperative diagnosis of intramedullary spinal schwannoma, especially if the imaging characteristics are not entirely specific.
Introduction
Schwannomas are the most common tumors in the spinal cord. The location is mainly intradural and extramedullary. However, intramedullary schwannomas account for only 0.3-1.5% of all primary intramedullary tumors. 14) Since the earliest report of this disease in 1931, no series of a large number of cases have been published. The imaging characteristics of intramedullary schwannoma usually mimic those of common intraspinal tumors, so the correct preoperative diagnosis may be difficult. Consequently, surgical and medical therapeutic choices may be affected. The present study describes the clinical data of seven patients with these tumors admitted to our department between 2003 and 2010, and examines the preoperative diagnostic strategy for intramedullary spinal schwannoma.
Materials and Methods
Six men and one woman aged 31 to 61 years at presentation (mean 44 years), with an interval between first symptoms and diagnosis of 1-10 years (mean 4.2 years), were diagnosed with intramedullary spinal schwannoma confirmed pathologically. The cervical cord was affected in five patients, followed by the thoracic cord in two. All patients presented with different degrees of sensory and motor dysfunctions. Data were analyzed using the x 2 test, and differences were considered statistically significant if p º 0.05.
Results
The clinical presentations and the results of neurological examinations are summarized in Table 1 . On the basis of magnetic resonance (MR) imaging with gadolinium performed preoperatively (Table 2) , intramedullary glioma was misdiagnosed in all patients (Fig. 1) . Table 3 summarizes the major clinical and radiological findings in this group and in a group of patients with intraspinal gliomas (173 ependymomas and 70 astrocytomas) admitted during the same period. Intramedullary tumors cause similar clinical symptoms at the late stage, so are of no significance in the differential diagnosis. Therefore, only the initial symptoms were described and eval- 
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Preoperative Diagnosis of Intramedullary Schwannomas uated. There were statistically significant differences in incidence of somatic pain and root pain as initial symptoms between intramedullary spinal schwannoma and ependymoma (p ＝ 0.005) and between intramedullary spinal schwannoma and astrocytoma (p ＝ 0.019), but not between ependymoma and astrocytoma (p ＝ 0.175). MR imaging showed intramedullary schwannomas in our patients as iso-or hypointense on T 1 -weighted images and hyperintense or mixed intensity on T 2 -weighted images. Associated syringomyelia was found above the lesion level in three patients, and the lesions were cystic in four. Gadolinium enhancement was regular in four cases, irregular in two, and circular in one. All tumors were well defined and lacked extramedullary components. No significant difference was found between intramedullary schwannoma and the gliomas.
We applied the modified McCormick classification 1, 11) (Table 4 ) to assess neurological function in our patients before surgery, at discharge, at 3 months after surgery, and annually thereafter. Postoperative follow-up periods were 8-84 months (mean 56 months). All patients showed no neurological deterioration and no tumor recurrence (Table 5 ).
Discussion
Schwannomas in the spinal cord arise from Schwann cells in the medullary sheath. The origin of intramedullary schwannoma is not the parenchyma of the normal central nervous system (which lacks Schwann cells) and remains controversial. Some theories of etiology 4, 6, 15) suggest that the tumor originates from Schwann cells in the entry zone of the dorsal root, subpial extension of Schwann cells along the perivascular nerve plexus of spinal cord vessels, ectopic neural crest cells during embryogenesis, Schwann cells differentiated from multipotential mesenchymal elements of the central nervous system, and proliferation of Schwann cells associated with trauma or chronic inflammatory disease. In this study, one patient had a tumor at the C2-C3 levels and Arnold-Chiari malformation, so the pathogenesis was hypothesized to be long-term stimulation leading to chronic inflammatory disease. Clearly, various pathogenic mechanisms may cause intramedullary schwannoma.
Intramedullary spinal schwannoma shows no sex predilection. The mean age at presentation is 49.2 years (range 9-75 years). 3, 6) Evidence of von Recklinghausen's disease is present about 12% of reported cases. 2, 5) In our study, intramedullary spinal schwannoma was more common in middle-aged men with prolonged chronic cord compression. The most common site was the cervical cord followed by the thoracic cord. On the other hand, gliomas were more common in young patients (age Ã18 years) with rapidly deteriorating symptoms. The symptoms of intramedullary spinal schwannoma were sensory and motor dysfunctions, which eventually appeared in the late stages of lesion progression. No tumors could be differentiated from common intraspinal tumors. However, somatic and root pain were the initial major complaints in patients with schwannoma, whereas paresthesia or weakness was the major complaint in patients with ependymoma and astrocytoma. Therefore, we believe that this difference between schwannomas and gliomas is important for the differential diagnosis. Otherwise, there was no difference in sex, age, duration of illness, and initial symptoms between extramedullary intradural schwannomas and intramedullary schwannomas, which agrees with the reported findings. 9) Tumors extending into the extradural space may compress the nerve root causing pain. However, none of our patients had an extramedullary tumor, but most had root or somatic pain. We suggest that intramedullary schwannoma may originate from Schwann cells in the entry zone of the dorsal nerve root, and the pain occurs as the initial symptom with growth of the tumor. However, the tumor does not grow along the nerve root but extends into the area of the cord where the dorsal nerve root enters the pia mater, so the common symptoms of intramedullary tumors appear gradually during the late stage of the disease. Thus, a detailed description of the patient's symptoms should be obtained because a patient may ignore pain developing early over the prolonged course of the disease.
Many imaging studies have been conducted to characterize intramedullary schwannoma. Intramedullary spinal schwannomas are generally considered to have no radiographic features that distinguish them from intraspinal gliomas. MR imaging shows intramedullary spinal schwannomas are mostly well marginated, iso-or hypointense on T 1 -weighted images, and hyperintense on T 2 -weighted images. Associated syringomyelia and cystic degeneration can be found but are uncommon. Intramedullary spinal schwannoma can appear as a well demarcated, highly enhanced, regularly shaped mass. 3, 5, 7, 10) In the present study, variations in preoperative MR imaging features presented many difficulties for differential diagnosis. Thus, definitive preoperative diagnosis of intramedullary schwannoma is difficult based only on MR imaging, unless a predominantly extramedullary component or possibly nerve root thickening is visible. 8, 13) In particular nerve root thickening can explain the root Preoperative Diagnosis of Intramedullary Schwannomas or somatic pain experienced as the initial symptom by most of our patients. However, no association of nerve root thickening with the presence of tumor was established in our patients and thickened spinal nerve root associated with tumors is not definitely found in the literature. Therefore, we believe that this imaging feature is highly specific but uncommon. Consequently, the role of MR imaging is limited in the diagnosis of intramedullary schwannoma.
Preoperative diagnosis of intraspinal neoplasm will help establish the optimum medical and surgical treatment and the prognosis. Chronic compression is the main pathogenic mechanism in intramedullary schwannomas and the tumors are usually benign and well marginated, so tumor removal based on protection of spinal functions is realizable if tumorfree margins are confirmed by intraoperative frozen sections. In our cases, laminectomy was performed, and the tumor surface was easily found intraoperatively. The tissues in 4 cases of intramedullary tumor showed varying degrees of adhesion to the dorsal root, but total removal was achieved using microsurgical techniques (Fig. 2) . Therefore, complete resection is advised, and relatively favorable prognosis may be possible, even though the preoperative symptom is severe. However, if the tumor is in the conus medullaris, or densely adherent to neural tissue, subtotal removal of the tumor is advised to avoid unacceptable operative complications. 12) In clinical diagnosis, overemphasis of imaging results and underemphasis of the importance of clinical features should be avoided. Misdiagnosis of intramedullary schwannoma as intraspinal glioma may lead to inappropriate treatment (i.e. conservative therapy or even no treatment) rather than the appropriate treatment and cure by surgery. Although intramedullary spinal schwannoma is still difficult to identify preoperatively, the accuracy of identification can be improved by comprehensive analysis of clinical features and radiographic results.
The present case series and review suggest that intramedullary spinal schwannoma should be considered in the differential diagnosis of a middle-aged male patient with prolonged somatic or root pain as the initial symptom but without signs of severe neural damage, if the site of the lesion is in the cervical or thoracic intramedullary cord, and the tumor has sharp margins and marked enhancement on MR imaging. 
